Abstract Chickpea crops in northern NSW during 2012 showed an unusual high incidence of severe virus symptoms, mainly related to infection by Beet western yellows virus (BWYV) with minor incidences of Alfalfa mosaic virus (AMV) and Cucumber mosaic virus (CMV). Canola and turnip weed close to surveyed chickpea paddocks showed high BWYV and Turnip mosaic virus (TuMV) incidences and have likely played an important role in the BWYV epidemic in chickpeas.
Introduction
Chickpea (Cicer arietinum) is an important broadacre crop in the northern (north of 32˚S) NSW grain region, with 195,000 ha sown in the 2012 season (Scott 2012) . Viruses in chickpea are generally considered to be of minor and local importance in the region as compared to fungal diseases (Matthews and McCaffery 2012) . However, during late September 2012 a high incidence of virus symptoms (leaf yellowing or reddening and plant stunting followed by plant death) was observed in chickpea paddocks throughout northern NSW. Severity was particularly high on the Liverpool Plains, a region where viruses are common on other legumes (van Leur et al. 2003) . A short survey was made in the last 2 weeks of October 2012 in which chickpea paddocks were both selectively and randomly sampled and tested for virus presence; selectively to relate symptoms to specific viruses and randomly to obtain an unbiased estimate of virus incidence.
Material and methods
Each chickpea paddock was surveyed by four operators, each one taking shoot tips of around 50 randomly chosen plants at 10 pace distance. Two transects were sampled around the edge (within 10 m from the crop border) and two transects near the centre of the paddock. Samples were also taken from 20 clearly virus-symptomatic and 10-15 clearly nonsymptomatic (green, vigorous) plants from each paddock (referred to as 'diagnostic samples' in this paper). Notes were taken on stubble cover, plant emergence and general crop performance. Random and diagnostic samples were taken from 11 paddocks. Plant development in two other paddocks was too far advanced for random sampling, but diagnostic samples could be taken from one (Table 1) . Random samples were taken of lucerne (Medicago sativa), canola (Brassica napus) and turnip weed (Rapistrum rugosum) when present in or bordering the surveyed chickpea paddocks, as well as from one faba bean (Vicia faba) field.
Samples were kept at 5-8°C until being blotted for Tissue blot immunoassay (TBIA), a fast and cost efficient methodology to detect viruses in large numbers of individual plants (Makkouk and Comeau 1994) . Prior to blotting on nitrocellulose membranes (Schleiger & Schuell Protran, 0.45 μm pore size), shoot tips in each random sample were separated into symptomatic (yellow or reddish leaf discolouration) and non-symptomatic (green) sub-samples. In order to allow testing to different viruses, symptomatic diagnostic samples were blotted over nine membranes (duplicates), non-symptomatic diagnostic samples and samples from weeds and non-chickpea crops over six duplicates and the randomly collected samples over three duplicates. The blotting position of each individual plant was kept the same on each duplicate membrane, so a plant's reaction to different antibodies could be compared. Membranes were blotted at Tamworth and processed at the DPI-Victoria (Horsham) virology laboratory: Membranes blotted with diagnostic samples were tested using specific antibodies against the following seven virus species: Alfalfa mosaic virus (AMV), Bean leafroll virus (BLRV), Beet western yellows virus (BWYV), Bean yellow mosaic virus (BYMV), Cauliflower mosaic virus (CaMV), Cucumber mosaic virus (CMV) and Turnip mosaic virus (TuMV). A monoclonal antibody was used for BLRV detection and polyclonal antibodies for the other viruses. All antibodies were obtained from DSMZ (Germany) except for the BWYV, which was sourced from SEDIAG (France). For the CaMV test, membranes previously tested for BYMV were reprocessed. BWYV has been reclassified into four different virus species, however the traditional nomenclature can be used until a molecular analysis of the local BWYV population is made (Coutts et al. 2010) . The antibody used for BWYV detection does not discriminate between different BWYV strains.
Based on the results of diagnostic chickpea samples and samples from canola and turnip weed, the random samples were tested for BWYV, AMV and TuMV. Membranes tested for AMV were reprocessed for CMV. This reprocessing only allowed the detection of CMV in AMV negative blots.
Results
Out of the 240 virus symptomatic chickpea plants collected as diagnostic samples from 12 paddocks, 175 reacted to one or more antibodies; 166 reacted positive to BWYV, 1 to BLRV, 19 to AMV, 8 to CMV. None reacted to BYMV, TuMV or CaMV. Out of the 159 non-symptomatic diagnostic plants from the same paddocks, 45 reacted to BWYV and none reacted to the other six virus antibodies. BWYV incidence ranged from 20 to 95 % in symptomatic diagnostic samples and from 0 to 73 % in non-symptomatic diagnostic samples ( Table 2) .
Out of the total of 2,200 randomly collected plants from 11 paddocks, 469 were classified post-sampling as virussymptomatic prior to blotting of which 264 (56 %) were BWYV positive, 28 (6.0 %) AMV positive and 6 (1.3 %) CMV positive. Out of the remaining 1,731 nonsymptomatic plants 680 (39 %) were BWYV positive, 39 (2.3 %) AMV positive and 1 (0.1 %) CMV positive. Differences among paddocks were large with BWYV incidences reaching 88 % in the combined (two transects, symptomatic and non-symptomatic plants) random samples in paddock borders and 81 % in the centres. None of the paddocks showed less than 10 % BWYV incidence in border or centres (Table 3) . AMV only exceeded 5 % in the border of two paddocks and in the centre of a single paddock, while CMV incidences were low in all surveyed paddocks (Table 3) .
Virus infections were also detected in lucerne volunteers within Paddock No 1 (1 BLRV and 7 AMV positives in 11 plants) and in a neighbouring lucerne field next to Paddock No 13 (2 BLRV and 14 AMV positives in 20 plants), in 
Discussion
The results demonstrated the need to base quantitative chickpea virus surveys on diagnostics tools, with TBIA determined virus incidences higher than estimations based on symptoms only. A high proportion of symptomatic plants did not react with any of the antibodies, which could have been caused by the near death of the symptomatic plants or the absence or low concentration of virus in the blotted plant part. TBIA is a useful technique to process large numbers of individual plant samples, but could result in a relatively high 6  102  14  30  0  0  102  22  31  1  0  7  100  14  34  3  1  107  10  25  5  0  9  100  39  82  3  0  103  22  83  1  4  10  99  20  38  18  1  104  6  40  1  0  12  103  12  37  8  0  103  5  38  2  0  13  101  11  32  2  0  106  5 number of false-negatives as only a very small part of the plant is tested for virus presence. Actual virus incidences could therefore even be higher. Plant symptoms were mostly related to BWYV, but a relatively high BWYV incidence was also detected in plants selected in the paddock for absence of symptoms and vigorous growth and in non-symptomatic shoot tips selected after sampling. AMV and CMV were absent in the nonsymptomatic diagnostic samples and only low AMV and CMV incidences were found in the post-sampling selected non-symptomatic plants. This could imply that AMV and CMV cause more severe symptoms than BWYV on chickpea, or that repeated BWYV infections occurred that were still latent by the time of sampling, or a presence of BWYV strains with a different impact on the chickpea plant.
Except for one paddock, AMV incidences (as determined from the random samples in the paddock centres) were below 5 %. CMV incidences were even lower, although incidences from the random sampling could have been underestimated as the CMV test was done on membranes previously processed for AMV and co-infections of CMV with AMV could not be detected. Natural infection of chickpea by TuMV has been recently described (Schwinghamer et al. 2007 ), but was not detected in this survey's chickpea samples even though high TuMV incidences were found in turnip weed and canola. Only a single symptomatic chickpea plant was found to be BLRV positive, even though BLRV was present in sampled lucerne and faba bean plants and lucerne pastures on the Liverpool Plains provide a large BLRV inoculum reservoir (van Leur and Kumari 2011) . Vector preferences and behaviour are likely to play a key role in the differences in incidences between the two persistently transmitted viruses BLRV and BWYV.
Routine sampling during 2012 in virus resistance screening trials of different legume species at the NSW DPI research station on the Liverpool Plains showed a sudden appearance of BWYV infection in mid September (data not shown here), coinciding with reports of severe aphid infestation in cereal and canola crops throughout the northern grain region after an extended drought period during the July-September. BWYV has a very wide host range that includes a large number of broadleaf crops and weeds (Coutts et al. 2006; Freeman and Aftab 2011) . Our survey was limited, but high BWYV infections were found both in turnip weed and canola. Turnip weed is abundant in road sides and paddock edges throughout the Liverpool Plains. Canola acreage in northern NSW has increased considerably in recent years with over 130,000 ha sown in 2012 compared to less than 40,000 ha (3-year average 2001 / 2003) a decade earlier (Scott 2012) . The green peach aphid (Myzus persicae) is a major aphid pest on canola in Australia (Gu et al. 2007 ) and a highly efficient BWYV vector (Coutts et al. 2006) . However, chickpea is not a suitable host for M.
persicae (Edwards 2001) and aphid colonisation of chickpea plants was not observed in the surveyed crops. Chickpea virus epidemics will therefore rely on invading viruliferous aphids, which increases the importance of potential inoculum sources like canola. Invading viruliferous vectors should cause higher infection levels in the crop borders, but no consistent differences between paddock borders or centres were found for non-persistently (AMV and CMV) or persistently transmitted viruses (BWYV). Most of the surveyed chickpea crops were sown into standing sorghum stubble and paddocks with high levels of stubble covers as well as with higher plant densities are less attractive to invading aphids (Jones 2001) . In this survey paddocks with good plant growth appeared to have a lower virus incidence (symptoms as well as TBIA determined BWYV), regardless of the amount of stubble cover: Paddock Nos 6 and 7 both showed good plant growth (with healthy plants overgrowing the virus symptomatic ones) and relatively low virus incidence, yet were quite different in stubble cover. On the other hand, paddocks with irregular and/or late plant establishment like Paddocks Nos 4 and 9 showed a high BWYV incidence. As drought stressed plants might be more attractive to aphids and/or more susceptible to virus infection, stubble cover could also have an indirect effect on virus development by preserving moisture and promoting plant growth. This is the first published report of a quantitative survey of viruses in chickpea crops in Australia's northern grain region. Although limited in size, it clearly identified BWYV as the main cause of the heavy virus-induced losses in chickpea crops on the Liverpool Plains during 2012. Further research on the ecology of viruses and virus vectors of chickpea in the northern region is urgently needed to develop strategies that can assist in avoiding future virus epidemics in chickpeas and other pulse crops.
